ABSTRACT
deformation. The oxygen isotope composition of magnesite is homogeneous (27.4 ‰ < δ 18 O < 24 29.7 ‰) while its carbon isotope composition varies widely (−16.7 ‰ < δ 13 C < −8.5 ‰). These 25 new data document an origin of magnesite from low temperature meteoric fluids. Laterization on 26 top of the Peridotite Nappe and carbonation along the sole appear to represent complementary 27 records of meteoric water infiltration. Based on the syn-kinematic character of magnesite veins, 28
we propose that syn-laterization tectonic activity has enhanced water infiltration, favoring the 29 exportation of leached elements like Mg, which led to widespread carbonation along the 30 serpentine sole. This calls for renewed examination of other magnesite-bearing ophiolites 31 worldwide in order to establish whether active tectonics is commonly a major agent for 32 carbonation.
INTRODUCTION 34
Carbonation of ultramafic rocks is the process by which CO 2 -bearing fluids react with 35 olivine and/or serpentine to form magnesite (MgCO 3 ) (e.g., Klein and Garrido, 2011) . Based on 36 stable isotope and structural evidence, Kelemen et al. (2011) recently showed that present day 37 carbonation of the Oman ophiolite is due to downward infiltration of meteoric waters in the 38 absence of significant tectonic activity. Other stable isotope studies have also established the 39 meteoric origin of the fluids from which magnesite has formed in a number of ophiolite 40 occurrences (Jedrysek and Halas, 1990; Fallick et al., 1991; Gartzos, 2004; Jurkovic et al., 2012) . 41
Some of these ophiolites include laterites and associated iron-nickel ore deposits capping the 42 ultramafic rocks (e.g., Eliopoulos et al., 2012) . 43
The main ophiolite of New Caledonia, referred to as the Peridotite Nappe, has also 44 undergone intense laterization since its emergence. This has led to supergene nickel ore 45 surfaces of the serpentine sole that forms the base of the nappe (Figs. 1B and 2) , providing 48 unprecedented access to fresh samples. Numerous magnesite veins are observed along these 49 outcrops, attesting for widespread carbonation. 50
Here we present oxygen and carbon isotope compositions of the magnesite veins and 51 argue that they must originate from meteoric water. Furthermore, in contrast with the situation 52 depicted in Oman (Kelemen et al., 2011) , most veins appear to have formed syntectonically. This 53 leads us to discuss possible genetic links between laterization, carbonation and tectonics. 54
GEOLOGICAL SETTING 55
New Caledonia lies 2000 km east of Australia, in the SW Pacific. About 40% of the 56 island's surface consists of peridotite. Peridotites overlie rock units of the Norfolk Ridge 57 microcontinent with a sub-horizontal contact materialized by a strongly deformed serpentine sole 58 (Avias, 1967) . This geometry results from the southwestward obduction of the Peridotite Nappe, 59
initially rooted in the Loyalty Basin, sometimes between ~37 and 27 Ma (Cluzel et al., 2001 , 60
On top of the nappe, laterites have developed at the expense of the peridotites (Trescases, 62 1975 ). Several planation surfaces attest for distinct episodes of weathering during the Neogene 63 and probably the Oligocene (Latham, 1986; Chevillotte et al., 2006; Sevin et al., 2012) . This is 64 consistent with biogeographic and phylogenetic studies indicating that New Caledonia was 65 already emerged in the Late Oligocene (Grandcolas et al., 2008) . 66
Magnesite is widespread in New Caledonia and occurs as veins within the serpentine sole 67 of the Peridotite Nappe, and as nodular heaps in recent alluvial deposits and present-day soils. 68
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Since Glasser (1904) , the origin of the veins is supposed supergene, possibly linked to the 69 laterization process. 70
OBSERVATIONS AND SAMPLING 71
The Koniambo Massif is one of the klippes of the Peridotite Nappe located along the 72 West Coast (Fig. 1A) . Recently, Koniambo Nickel SAS initiated a large industrial site for nickel 73 production. As a result, new outcrops of exceptional quality and size have been created in the 74 serpentine sole of this massif (Figs. 1B and 2) . 75
In the serpentine sole, rocks are highly deformed, either finely schistose and/or intensely 76 
METEORIC ORIGIN OF CARBONATION 109
The isotopic compositions of magnesite reflect the conditions at which fluid/rock 110 interactions occurred. As the δ 18 O values are homogeneous, the physical conditions of 111 carbonation were constant, including water origin and temperature. In addition, the large spread 112 of δ 13 C values indicates at least two sources of carbon. Based on the arguments to follow, we 113 suggest that a strong interaction with meteoric fluids is the most likely process that led to 114
Publisher: GSA Journal: GEOL: Geology Article ID: G34531 conclude that serpentinization and carbonation were not synchronous, even though serpentine 122 and the magnesite veins share a common structural record of top-to-SW shearing. Therefore, at 123 least part of the pervasive deformation observed along the sole post-dates serpentinization, a fact 124 consistent with the mechanical softness of serpentine (e.g., Byerlee, 1978) . We also considered 125 the δ 18 O value of magnesite expected if formed at near-surface temperatures from meteoric water 126 (Fig. 5) . To date, no isotopic data is available for meteoric precipitations in New Caledonia. A 127 δ 18 O range between −1 and −7‰ is used, which corresponds to values of meteoric precipitations 128 on isolated islands at inter-tropical latitude and low elevation. We obtain a theoretical δ 18 O range 129 for the corresponding meteoric-derived magnesite that compares well with our data (Fig. 5) . 
LINKS BETWEEN LATERIZATION, CARBONATION AND TECTONICS 145
The record of meteoric waters through carbonation along the serpentine sole implies that 146 water circulated downward through the peridotite pile. An efficient drainage system has likely 147 been provided by the dense network of fractures that characterizes the New Caledonia 148
peridotites. This network is also recognized to have played a major role in peridotite weathering 149 and the distribution of nickel ore (e.g., Leguéré, 1976) . Hence, laterization on top of the 150 Peridotite Nappe and carbonation along the serpentine sole may correspond to complementary 151 records of meteoric water infiltration, as anticipated by Glasser (1904) . In practice, laterization 152 involves the leaching of large amounts of magnesium, a highly mobile ion that can be viewed as 153 a tracer of fluid circulation from the surface down to the serpentine sole where it precipitated to 154 form magnesite veins. Correlatively, nickel, which is less mobile, has accumulated at the base of 155 the lateritic profile (e.g., Trescases, 1975) . Throughout New Caledonia, the richest nickel ores 156 are associated with a couple of planation surfaces associated with laterites up to 30 m thick (e.g., Highly efficient drainage of meteoric water through the peridotite pile is attested for by 167 the low temperature conditions at which magnesite formed along the serpentine sole. Figure 5  168 shows that a temperature of 25 °C fits well the data whereas 35 °C is hardly compatible. The 169 minimum mean temperature at which laterites form is ~25 °C. Using 15 °C/km as a lower bound 170 for the geothermal gradient in the Peridotite Nappe, surface water penetrating to depths of at 171 least ~600 m would have reached temperatures of at least 34 °C if in thermal equilibrium with 172 the host rocks. Our data are inconsistent with this hypothesis; instead, they imply rapid 173 infiltration of meteoric water as far down as the serpentine sole. This is consistent with abundant 174 morphological evidence documenting karst structures developed during laterization (Trescases, 175 1975; Latham, 1986) . 176
Because active slip typically increases the permeability of faults, water drainage through 177 the peridotites could have been strongly enhanced during active faulting. Indirect evidence for 178 deformation-assisted fluid circulations across the peridotite pile is provided by the syn-kinematic 179 character of the studied magnesite veins along the sole (Fig. 3, South-Pacific meteoric waters. The theoretical compositions are calculated using the serpentine-337 H 2 O and magnesite-H 2 O fractionation coefficients of Zheng (1993 Zheng ( , 1999 
